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(57) ABSTRACT

A material for a gas turbine component, to be specific a
titanium-aluminum-based alloy material, including at least
titanium and aluminum. The material has a) in the range of
room temperature, the /B2-Ti phase, the a.,-Ti; Al phase and
the y-TiAl phase with a proportion of the 3/B2-Ti phase of at
most 5% by volume, and b) in the range of the eutectoid
temperature, the 3/B2-Ti phase, the a,-Ti;Al phase and the
v-TiAl phase, with a proportion of the /B2-Ti phase of at
least 10% by volume.

14 Claims, 1 Drawing Sheet
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1
MATERIAL FOR A GAS TURBINE
COMPONENT, METHOD FOR PRODUCING A
GAS TURBINE COMPONENT AND GAS
TURBINE COMPONENT

This application claims the priority of International Appli-
cation No. PCT/DE2008/001702, filed Oct. 18, 2008, and
German Patent Document No. 10 2007 051 499.0, filed Oct.
27,2007, the disclosures of which are expressly incorporated
by reference herein.

BACKGROUND AND SUMMARY OF THE
INVENTION

The invention relates to a material for a gas turbine com-
ponent. In addition, the invention relates to a method for
producing a gas turbine component as well as a gas turbine
component.

Modern gas turbines, in particular aircraft engines, must
meet extremely high demands with regard to reliability,
weight, power, economy and service life. In recent decades,
aircraft engines that fully meet the requirements listed above
and have achieved a high level of technical perfection have
been developed, especially in the civilian sector. The choice
of materials, the search for suitable new materials and novel
production methods, among other things, have played a deci-
sive role in the development of aircraft engines.

The most important materials used nowadays for aircraft
engines or other gas turbines are titanium alloys, nickel alloys
(also called superalloys) and high strength steels. High
strength steels are used for shaft parts, gear parts, the com-
pressor housing and the turbine housing. Titanium alloys are
typical materials for compressor parts. Nickel alloys are suit-
able for the hot parts of the aircraft engine.

Precision casting and forging are the main production
methods known from the prior art as production methods for
gas turbine components made of titanium alloys, nickel alloy
or other alloys. All highly stressed gas turbine components
such as, for example, components for a compressor, are
forged parts. However, components for a turbine are usually
designed as precision cast parts.

Fabricating gas turbine components from titanium-alumi-
num-based alloy materials is already known from practice. In
this case, y-TiAl-based alloy materials are used in particular,
wherein forging these types of y-TiAl-based alloy materials is
problematic. Forged parts from these types of materials must
be produced in practice by isothermal forging or hot-die
forging of preformed, such as, for example, extruded, semi-
finished products. Isothermal forging as well as hot-die forg-
ing requires quasi-isothermal extruded primary material,
resulting in high production costs.

As aresult, there is a need for an adaptive forging method
that uses a new material for producing gas turbine compo-
nents. This method should guarantee an improved process
reliability with reduced production costs.

From this starting point, the objective of the present inven-
tion is creating a novel material for a gas turbine component,
anovel method for producing a gas turbine component as well
as a novel gas turbine component.

According to the invention, the material has a) in the range
of room temperature, the 3/B2-Ti phase, the a,-Ti;Al phase
and the y-TiAl phase with a proportion ofthe f/B2-Ti phase of
at most 5% by volume; b) in the range of the eutectoid tem-
perature, has the 3/B2-Ti phase, the a.2-Tiy Al phase and the
v-TiAl phase with a proportion of the 3/B2-Ti phase of at least
10% by volume.
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The material according to the invention, which is a y-TiAl-
based alloy material, allows forging within a greater tempera-
ture range. A cast material can be used as the primary material
for forging, making it possible to dispense with expensive
extrusion material.

The method according to the invention for producing a gas
turbine component is defined in the claims and the gas turbine
component according to the invention is defined in the claims.

Preferred further developments of the invention are dis-
closed in the following description. Without being limited
hereto, exemplary embodiments of the invention are
explained in greater detail on the basis of the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a very schematized representation of a blade of a
gas turbine produced from a material according to the inven-
tion by a method according to the invention.

DETAILED DESCRIPTION OF THE DRAWING

The present invention relates to a new material for a gas
turbine component, to be specific a material based on a tita-
nium-aluminum alloy. The material according to the inven-
tion includes several phases both in the range of room tem-
perature as well as in the range of the so-called eutectoid
temperature.

In the range of room temperature, the TiAl-based alloy
material according to the invention has the /B2-Ti phase, the
02-Ti;Al phase and the y-TiAl phase, wherein the proportion
of the p/B2-Ti phase at room temperature is at most or a
maximum of 5% by volume. In the range of the eutectoid
temperature, the TiAl-based alloy material according to the
invention has the f/B2-Ti phase, the a,-Ti;Al phase and the
v-TiAl phase, wherein the proportion of the 3/B2-Ti phase in
the range of the eutectoid temperature is at least or a minimum
ot 10% by volume.

The material according to the invention is consequently a
y-TiAl-based alloy material. The material can be formed with
conventional forging methods, and namely at a forging tem-
perature within a relatively large temperature range. The forg-
ing temperature of the material according to the invention lies
preferably between T,-50 K and T,+100 K, wherein T, is the
eutectoid temperature of the material and T, is the alpha
transus temperature of the material.

If the forging temperature or the forming temperature is
below T, as well as in the range of the forging temperature or
forming temperature as well as in the range of the eutectoid
temperature and the room temperature, the /B2-Ti, a.,Ti; Al
and y-TiAl phases are in thermodynamic equilibrium.

The proportion of the body-centered cubic /B2-Ti phase
in thermodynamic equilibrium of the material according to
the invention is less than 5% by volume in the range of room
temperature. In the range of the eutectoid temperature, the
proportion of the body-centered cubic [/B2-Ti phase is
greater than 10% by volume.

In addition to titanium and aluminum, the y-TiAl-based
alloy material also features niobium, molybdenum and/or
manganese as well as boron and/or carbon and/or silicon.

The titanium-aluminum-based alloy material preferably
has the following composition:

42 to 45 atomic percent aluminum,

3 to 8 atomic percent niobium,

0.2 to 3 atomic percent molybdenum and/or manganese,

0.1 to 1 atomic percent, preferably 0.1 to 0.5 atomic per-
cent, boron and/or carbon and/or silicon,

in the remainder of titanium.
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To produce a gas turbine component from the material
according to the invention, the procedure in terms of the
method according to the invention is that, first of all, a semi-
finished product or primary material made of the material in
accordance with the invention is made available. In terms of
the semi-finished product, this can be a cost-effective, cast
semi-finished product. It can also be provided that the semi-
finished product is a primary shaped component.

Then, in terms of the method according to the invention, the
semi-finished product is formed from the y-TiAl-based alloy
material according to the invention by forging, to be specific
at a forming temperature or forging temperature that is
between T,-50 K and T,+100 K. In this case, forging is
carried out at a forming rate of at least 1 m/s. In a preferred
further development, the semi-finished product is coated with
a thermal barrier prior to forging.

Following the forging, a heat treatment of the component
being produced is preferably carried out.

Then, if, according to FIG. 1, a rotor blade 10 for a com-
pressor of an aircraft engine is supposed to be produced as a
gas turbine component, in the case of the method according to
the invention, the preferred procedure is such that single
forging is used in the region of a blade pan 11 for making a
rougher microstructure with high creep resistance available
and multiple forging is used in the region of a blade root 12 for
making a finer microstructure with high ductility available,
wherein a heat treatment preferably follows the single forging
as well as the multiple forging.

Gas turbine components according to the invention are
fabricated with the aid of the method according to the inven-
tion from the material according to the invention. The gas
turbine components according to the invention are preferably
compressor components, thus, for example, rotor blades of a
compressor of an aircraft engine or turbine components.

The invention claimed is:

1. A material for a gas turbine component, comprising:
titanium; and

aluminum;

wherein:

a) the material has, in a range of room temperature, a
[/B2-Ti phase, a a2-Ti; Al phase, and a y-TiAl phase,
with a proportion of the f/B2-Ti phase of at most 5%
by volume;

b) and the material has, in a range of eutectoid tempera-
ture, the $/B2-Ti phase, the a2-Ti;Al phase, and the
v-TiAl phase, with a proportion of the 3/B2-Ti phase
of at least 10% by volume.

2. The material according to claim 1, wherein a proportion
of'a body-centered cubic /B2-Ti phase in the range of room
temperature is less than 5% by volume.
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3. The material according to claim 1, wherein a proportion
of'a body-centered cubic f/B2-Ti phase in the range of eutec-
toid temperature is greater than 10% by volume.

4. The material according to claim 1, wherein the p/B2-Ti,
the a,-TizAl, and the y-TiAl phases are present in the range of
room temperature.

5. The material according to claim 1, wherein the p/B2-Ti,
the a,Ti;Al, and the y-TiAl phases are in thermodynamic
equilibrium in the range of eutectoid temperature.

6. The material according to claim 1, further comprising:

niobium;

molybdenum and/or manganese; and

boron and/or carbon and/or silicon.

7. The material according to claim 6, wherein the material
has:

42 to 45 atomic percent aluminum;

3 to 8 atomic percent niobium;

0.2 to 3 atomic percent molybdenum and/or manganese;

0.1 to 1 atomic percent boron and/or carbon and/or silicon;

and

a remainder of titanium.

8. The material according to claim 1, wherein a forming
temperature of the material lies between T,-50 Kand T ,+100
K, wherein T, is the eutectoid temperature of the material and
T, is the alpha transus temperature of the material.

9. A method for producing a gas turbine component, com-
prising the steps of:

a) making available a semi-finished product from the mate-

rial according to claim 1; and

b) forging the semi-finished product from the material into

acomponent at a forming temperature between T,-50 K
and T _+100 K, wherein T, is the eutectoid temperature
of the material and T, is the alpha transus temperature of
the material.

10. The method according to claim 9, wherein the forging
is carried out at a forming rate of at least 1 m/s.

11. The method according to claim 9, wherein a heat treat-
ment is carried out following the forging.

12. The method according to claim 9, wherein a cast semi-
finished product is used as the semi-finished product.

13. A gas turbine component made of the material accord-
ing to claim 1 and produced by the method according to claim
9.

14. The gas turbine component according to claim 13,
wherein the component is a blade, which is singly forged in a
region of a blade pan for making a rougher microstructure
with high creep resistance available, and which is multiply
forged in a region of a blade root for making a finer micro-
structure with high ductility available.
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